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TESTS OF A 1/7-SCALE POWERED MODEL OF, THE © -
KAISER TAILLESS AIRPLANE IN THE '
TANGLEY FULL-SCALE TUNNEL

By G. W. Brewer and E. A. Rickey
STMMARY

A 1/7-scale powered model of the Kalser tallless
alrplane has been investligated in the Tangley full-scale
tunnel in order to determine 1ts zeneral aerodynamic
characteristics and to estimate, from these results, the
probable stability-and control characteristics of the
alrplane. The results of thé tests are presented in this
report. The estimated flying qualities of the Kaiser
tailless airplane, determined from the 1/7-scule test
results, ars to be presented 1n a separate report.

The meximum 1ift coefficlent with the propellers
windmilling and controls neutral was measured to be 1.07;
this value of Cr, - is ‘decreased to- 0.9& for the maximuwn

up-elevator defléction of 30°. The wing stalls first
along the tralllng edge and progresses forward along a
constant chord llne enveloping the outer panels before
the center section 1s materially affected. The profile
drag coefficient, with propellers removed, 1ls estimated
to be 0.0130 with the model at approximately the zero-
1ift attitude., )

The piltching-moment results indlcate thut, for the
center-of-gravity location of 20 percent of the mean
aerodynamic chord, the model is statically stable longl-
tudinally for all power conditlions except for windmilling-
propeller operation at high angles of attack.




2 UR Vo. L6C13

The yawing-moment test results show that the rudder
oeffectiveness and directlonal stabillty parameters are
lower for thlis tailless airplane than for most conven-
tlonal designs. :

For alleron deflections above 122 the :‘effectivensss
pvarameter 18 lowsr than that for the smaller deflections.
The comblned effects of alleron and wing stall at the high
angles of attack produce &a serious loss 1ln alleron effec-
tiveness,

IHTT.ODUCTION -

An investigation of a 1/7-scale ~owerad model of the
Ralser tallless alrnlane has been conducted in the Langle7
full=-scale tunnel at the request of the Sureau of Aeronau%ics,
Navy Department, Previous tests made of a 1/60-scale model
in the Langley free~flisght tunnel indicated satisfactory
stablility and control characteristics, It was consldered
desirable, however, to determine the aerod mailc charac-
teristics of the design with special reference to stability
and control at a larger scale and to estimate from these
data the flying qualitles of the airplane.

Thls report nreseants tihe results of the tests showing
the aerodynamlc characteristlcs. of the model for a wide
renre of nropeller-overaeting conditlons. The effects of
elevator, rudder, and alleron deflectinn on the mocel
forces and moments and on the control-surface hinge
moments were obtained with angle of attac', aizle of
vaw, ac Hower conditlon belng the Important varlable
parareters. Additlonal tests included an investigatlon of
the »Hrogression of the stall over the wing =s well as the
deterninatlion of the wing nrofile drag by means of walke
“roflle surveys.

On the basis of the mocdel test results, estimctes
of the flying quallties of the alrnlane are being mads,
and this Information 1s to be presentad 1n a subsequent
report,
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COEFFICIENTS AND SYMBOLS

The test data are preasentec as standard NACA coef-
ficlents of forces and moments. All data are referred
to the stability axes which are defined as a system of
axes having thelr origin at the center of gravity. The
Z axls is in the plane of symmetry and perpendlcular. to
the relative.wind, the X axis is .ln the plane of symmetry
and perpendicular to the Z axis, ard the Y axlis 1s perpen-
dicular to the plane of symmetry. The positive direction
of forces and moments and control-surface deflections are
shown in the sketch of figure.l.

V/nD
dCy
d8g

dChg
dbg

1ift coefficient (L1ft/qS)

longltudinal-force coefficlent (X/qS)

lateral-force coefficient (Y/qS)

" rolling-moment coefficient (L/qSb)

yawing-moment coefficient (N/qSb)

pitching-moment coefficlent (¥/{Sc)

aileron hinge-moment coefficient (Ha/qbaﬁha)

elevator hinge-moment coefficlent (He/qbeEéz)

rudder hinge-moment coefficient (Hr/QbrE}Z)

sectlon proflle-drag coefflcient
effective-thrust coefficient (Te/as)

propeller advance-dlameter ratio

rate of change of rolling-moment coefficlent with
alleron dsflection

rate of change of alleron hinge-~-moment coefflcient
wlth alleron deflection
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dCm

EE_ rate aof .change of pltchning-moment coefficient
© with elevator deflection

dChyg .

75;— " rate of change of elevator hinge-moment coeffi-
76 - clent with elevator deflection

dCn .

T rate of change of yawlng-moment coefficient with

dbr rudder deflection i

dCvy . -

T rate of change of lateral-forcs coeffilclent with
Sy rudder deflection

dChy.

3 rate of change of rudder hinge-moment coefflclent
Op ‘with rudder deflection ]

dCn

- rate of change of yawing-moment coefflcient with
dy angle of yaw

dacy

—_ rate of change of rolling-moment coefflclent with
ay anzle of yaw

&Cy

v rate of change of lateral-force cnefficlent with
Y anzle of yaw

where

X

Y force along axes (where Z = -11ft)

Z

L

M moment about axes

N

Hg alleron hinge moment

He elevator hinge moment

Hp rudder hinge moment
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'DESCRIPTION OF AIRPIANE AND MCDEL

The Kalsger tallless airplane 1s a projected all-wing
type cargo-carrying airplane, This airplane will have a
span of 290 feet, a wing area of 7920 square feet, and a
deslgn gross welght of 175,000 pounds., It 1s to be
powered with four engines of tractor lnstallatlion driving
15-foot-dlameter four~blade propellers. The important:
physilcal and dimenslonal characteristics of the airplane
based on model deslgn are presented in table I. The design
of the alrplane provides for distribution of the cargo
spanwlse 1n the wing along the 20=percent chord line, thus
fixing the center of gravity approximately at this location
for all. flight conditlons.

The 1/7=-scale model of the Kalser tallless airplane,
a3 tested 1n the Langley full-scale tunnel, 1s shown in
the photographs of figure 2. A three-view drawing of the
model 1s given in figure 3. The model, whlch was supplied
by Kaiser Cargo, Inc,, 18 of all-wood construction. The
wing and control surfaces were painted and sanded to
remove as many of the contour l1rregularitles as possible
prior to the tests. The wing conslsts of two highly
tapered outer panels attached to a constant chord,

0.21 span, center section. The alrfoil sections are
modified NACA 6-serles type with the rear 15 percent of
the trailing edge reflexed upwerd along the entire span.
A drawing of a typlcal wing cross sectlon 1s shown in

figure lj.

The control surfaces are constructed of solid mahogany
and Include a constant=-percent-chord alleron on the left
outer panel, a constant-chord elevator at the center
section, and four vertlcal surfaces each located on a
nacelle center line with the rudder hinge line located
slightly behind the elevator trelling edge. The location
of the four vertical surfaces required that the elewvator
flap be divided 1nto flve separate sections; these sec-
tions, however, were operated in unison. The blunt-nose
plein-flap type control surfaces were not sealed., The
control surfaces were not equipped with trimming tabs,
The general arrangement of the control surfaces are shown
by the three-view drawing of flgure 3 and sectional vlews
of the surfaces are given in figure 5. The control
linkages projected outside the skin line on the model,
and in order to mlnimlgze the drag of these protuberances,
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they were covered by streamline falirings. FPhotographs
of the fairings on the model are given in figures 6 and 7.
The model was powered by four 56=horsepower, three-
phase inductlion motors which were located within the wing
at the center section. Power to the four-blade model
propellers of right~hand rotation was tranamltted from
thése motors by direct drive through extension shafts,
The model was not equipped with landing gear and the
nacelles had no cowl flaps or internal ducting.

METHODS AND TESTS

The 1/7-scale model of the Kalser tallless airplane
is shown mounted for tests on the Ianzley full-scale
tunnel belance in figure 2. The model was supported by
the two maln front struts and by two rear cables in
tenslon which were the means for changing the angle of
attack of the model. The fullwscale tunnel and balance
equipment used for the tests are described 1in reference 1.

To simmlate the fllght thrust-11ft relationship in
the wind tunnel, a thrust callbration of fthe model pro-
pellers was made at a tunnel airspeed of about 60 miles
per hour with the model at the zero-lift attitude and
with all controls neutral. The »ropeller blade angle was
maintained at constant setting of 17° at the 0.75 radius.
The effectlve thrust coefficlent Te' for the model pro-
pellers was obtalned from the difference between the
propellers-operating and the propellers~removed drag
coefficlents. The flight thrust-lift and torque-l1ift curves
for a single propeller and for constant power operation at
sea level are presented in figure 8. The thrust-lirft
variation was dupllicated exactly by the use of the model
propeller blade angle of 17°, but the torque-lift varlation
was not in close agreement.

The tests of the 1/7-scale model consisted primarily
" of elevator-, rudder-, and aileron~effectiveness testa at
zero yaw., Rudder and alleron tests were also made with
the model yawed to angles of approximately 30, 60, %100,
and 150, -Elevator, rudder, and alleron hinge moments were
obtained at zero yaw but only rudder hinge moments were
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obtalned for tests wlith the model yawed. In addition,
tests were made to determine the 1lift, drag, and stalling
characterlstics of the model,

In order to facllitate the presentation of the test
conditlonas and model configurations, the information
concerning the several investligations 1s outlined in some
detulil 1n table II. The speciric infornation not glven
in this table 1s included in the following discussion.

The stalling characterlstica of the model were
obtained by visual observation and nhotographic record
of the behaviour of wool tufts attached to the upper skin
surfaces and to vertlcal masts dlspersed at several dif-
ferent chorcwlise statlions along the span.

The wing and ssctlon proflle-dreag coefflclents were
obtalned by measuring the wing weke at a dlstance of 0.25¢c
behind the tralling edge at numerous stations along the
span. The methods of analyzing the results of pressure
surveys to obtaln profile-drag coefficients are presented
in reference 2.

Inasmuch as elevator deflsctlion caused appreciable
changes in 1ift at a given angle of attack, 1t was not
feaslible to run constant power slevator tests. The
propeller-operating elevator tests were made, tnerefore,
by the constant-thrust mathed 1n which several valuses
of Te! are malntalned constant over tne ranze of ele-
vator deflections tested at a given angle of attack. A
sufficient number of thrust coefficients were used to
bracket the constant power thrust-1ift curves glven in
figure 8. '

The rudder tests were made for the progvellers-

windmilling, the normal-rated, the military-rated, and

the asymmetric power conditions. Tests wilith asymmetrio
power conslsted of three-engine operation at normal-power
with the rlight outbsard propeller windnllling. Since the
effect of rudder deflection on the 1lift of the model was
negligible and since tke 1lift coefficient st a glven angle
of attack dld not vary aporeclanly with angle of yaw, the
constant power Tg! versus O£, curves used for zero yaw

were employed for all rudder tests throughout the range
of yaw &sngles tested.

It was assumed that the »proneller slipnstream did not
affect the alr flow in the region of the aileron. At
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2ero aﬁgle of yaw'thelaileron tests were made with pro-
pelilers-removed, whereas for tests with the model yawed,
the propellers were windmilling

The elevator-, rudder-, and alleron-effectiveneas
and ‘hinge-moment tests and most of the maximun 1lift tests
were made at a tunnel airspeed of about 61 miles per hour,
corresponding to a Reynolds number at standard condltlons
of -about 2,230,000 based on the mean serodynamlc chord.

PRESENTATION OF RESULTS ° : .

The data are presented for the most part as variations
of force, moment, and hinge-moment coefficients with
control-surface deflection for a range of angle of attack
at-a glven angle of yaw. 1In some instances, cross plots
of the test results are glven to snow specific trends of-
the data wlth reference to the stabllity ans control char-
acterlstics of the model. Tubulation of the values of
force codgfficlents and the slopes of the force and moment
coefficlient curves are included .for convenlent sumnariza-
tion of the data. The results are included in the feol-
lowing sectlons: (1) 1lift, stall, .and drag, (2) elevator
effectiveness and hinge moments, (5) rudcéer effectiveness
and hinge moments, (l.) alleron effectiveness and hinge
moments, and (5) aerodynamic characteristics in yaw.

All data presented in the renort have been corrected
for tares and for wind-tunnel blocking and Jet-boundary
effects by the methods presented in references 3 and1+.
The piltchlng moments are based on the mean aerodynamic
chord and all moments are computed about a center of.
gravlty located.at 20 percent of the mean aerodynamic
chord and on the thrust llne.

.IAft, Stall, and Drag

"Lift.- The aerodynamic characteristics of.the model
with propellers windmilling are given in figure 9 fér
elevator deflections-of 100; 09, -15°, und -30°.. The
effects of propeller oneration, Reynolds number, and angle
of yaw on the aerodynamic characteristics of ths model
with all controls -neutral are shown:lin figures 10, 11,
and 12, respectively. For most of the condlitions given
above, values of the maximum 11ft coeffliclent wund the
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slope of the 1llft curves are summarlzed ln table IIT.
.The 11ft curve slopes were measured at 1ift coefficlents
of 0.2 and 0.6 which correspond to aporoximately high
speed and crulsing lift coefficlents, respectively.

The maximum lift coefficlent, controls neutral, with
propellers windmilling is about 1.07. For maximum up-
elevator deflection (8¢ = -30°) the maximum 1ift coef-
ficlent 1s decreased to approximately 0.98. The results
of figure 9 show falrly large chahges 1n 1ift resulting
from deflection of the elevator of this tailless airplane
design. Although the following condltion is not a trim
condltion for high power at high 1i1ft, it 1s shown that
for the normal-rated power conditlon Clypax 18 increased

to about 1.20.

The slopes of the 1ift curve, for the oroosellers-
windmilling and controls-neutral condltlen, are approxi-
mately 0.08ly and 0.079 per degree for 1lift coefficlents
of 0.2 and 0.6, respectively. With the elevators deflected
-up 300 these values are changed to approximately 0.087
and 0.073, resvectively. The combined effects of the
normal force of the inclined provellers and the increase
in 1ift resulting from the additlonal veloclty over the
center section of the wing oproduces an increase 1n the slope
of the 1ift curve to about 0.097 at Cr = 0.2 and 0.098
at Cr, = 0.6 for propeller opseration at normal rated
power.

For the range of alrspeeds. tested, the scale effect
on the 1ift of the model 1s negligible for 1lift coeffi-
clents below 0.5. At 1ift coefficlents greater than this,
however, there 1s shown some lncrease in 1lift with
increased Reynolds number, at least to 2,560,000 which
corresponds to the test alrspeed of 70 miles per hour,

The effects on 1ift of yawlng the model are nct large for
the yaw angle range tested except that, for an angle of
yaw of 15.4C, there 1s shown an increase 1n the slope of
the 11ft curve at high 1ift coefflclents.

Stall.- The results of tuft tests made to determine
the progression of wing stall are shown by the sketches
of tuft studles in filgure 13 and by the photographs 1in
figure 1ll,. The first departure from smooth stream flow
over the wing 1s shown by the ovronounced inflow whlch
occurs along the tralling edge of the outer panels  at an
angle of attack of about 90 (Cy, = 0.7). With increased
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angle of attack this inflow becomes more severe and dis-
turbed with separation occurring at an angle of attack of
about 13°, At this attitude, the aftmost vertical mast
located about midspan at 0.75c showed very turbulent alr-

flow extending in depth to about 5 inches above the wing
skin line. -

The wing stall progressed forward approximately along
a constant chord line of the outer panels as the angle of
attack was further increased and, when the outer panels
were stalled '(a = 19.5°9), the flow at the wing center
section was relatively undisturbed. The restriction of
the pattern of I'low breultdowa primarily to the outer
panels ls attributed to higher velocity air flow in the
reglon of the vertical surfaces and to the restriction
of the inflow from the outer panels by the two outer
vertical surfaces. Propeller operation at high thrust
coefficlents had 1little effect on the stalling character-
1stics of the outboard panels, but the slipstream dild
retard the tendency for tralling-edge separation at the
center sectlon at 'high angles of attack. The force test
results of a maximum 1ift investigation (fig. 15) shows
nearly a constant value of maximum 1i1ft coefflclent over
a range of angle of attack and then a gradual loss 1in
1lift at the angles of attack nast CrI g x-

Proflle drag.- The results of the wake-survey
measurernents made to obtain an estimate of the model
profile-drag coefficlent are presented in figure 16 as
the vearlation of the product of the .sectlon-drag coeffl-
clent and section chord cg,c wlth spanwise statlon.

Similar results are given 1n flgure 17 for the survey
mede behind one vertical gurface. Several local increases
in c¢d, along the wing span are shown to be produced by

the wakes from the fairings used to cover the control-
surface push rods and hinge brackets. There 1ls also
evidence of interference and a drag lncrease at the base

of the vertical surface caused by the control fairing

(fig. 17). The total profile-drag coefficient of the
model, with propellers removed, &as obtalned by the momentum
method 1s estimated to be about 0.0150. The complste
Influence 'of the nacelles on the alr flow ut the center
section and other local disturbances are believed not to

be 1ncluded in thls estimate. -
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Elevator Effectiveness and Hinge.Mbments

The results of tests made ‘to determine the effective-
ness of the elevator and the elevator hinge moments with
the propellers windmllling and operating at various thrust
conditions are shown in figures 18 through 21. These data
are presqnted as varlatlons of Cr, Cx, Cm, and Che
wlth elevator deflection for several thrust coefficilents
at a given angle of attack. The values of the rate of
change of pltching-moment and elevator hinge-moment coef-
ficlents with elevator deflection dOp/d6e and dChy/dBe,

and elevator hinge-moment coefflclent with angle of
attack, dChe/da measured at. 8¢ = 0, &re given in
table IV for the windmilling propeller and for the normal-
and rillitary-rated power conditions. Wwith the propellers
windmllling, d4Cp/dde 18 ubout -0.0025 per degree in the
angle-of -attack range from 2.4° to 8,89°.

The reductlon of the effectlveness parameter
to ~-0.0016-at higher angles of attack 1s due malnly to
separation over the region of the elevator. The elevator
effectlveness 1s materially lncreased for the hlgh power
condltions. -With military-rcted power, dCp/dbe

1s -0.003}; at a = 2.1.° and -0.0060 at a = 12.7°.

Sirilar effects of propeller operation are shown for
the hinge-moment parameter, =Jhg/d6e, which Lncreases
from about -0.0067 to -0.0105 per degree at a = 2.4° " and
from about -0.0070 to -0.0200 at a = 16.5° as a result
of changing from windmilling »ropellers to milltary-rated
nower.

Viith the propellers windmllling, dChe/da 1s negative
for all angles of attack and decreases from ~0.003%32 per
degree at a = 2.4° to -0.0025 et a = 16.5°. FHowever,
for propeller operation at normal-rated power there is a
marked change in the variation of dChe/da as the angle
of attack 1s increassd. <The hinge-moment parameter 1is
about -0.00L0 per degree at a = 2.L°, 0.0060 ut a = 6.06,
and zero at a = 16.5°. The values for military-rated
power are simllar to the normal-rated power condltion and
show the same variation with angle of attack.

The test data have been cross-plotted in figures 22
and 2% to show the variation of Cp with Cr, elevator

fixed and free, for the windmilling oropeller and for the
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constant normal- and mllitary-rated power conditions. The

" "statlec longitudinal stablility of the madel, elevator filxed,

as msasured by the slope of the pitching-moment curve,
dCm/aCy, (fig. 22), ie not materially affected by propeller
operation at the lower 1lift coefficients. The average:
slope of the pitching-moment curve, for 6g = 09, . between
1ift ‘coefficients of about 0.2 and 0.8 1s approximately -0.1
for all power conditions. There 1s’ a moticeable increase
in the static longitudinual stablility due to propeller
operation at the higher 1lift coefficlents that probably
results from the improved flow condltlions at the wing
center section. Elevator-free static longitudinal sta-
bility 1s shown by the stable slope of the pitching-moment
curves for .Chg = 0 in figure 23. The reduced slope of
the curve for the windmilling-propeller condltion at the
higher 1lift coefficients Iindlcutes a decrease in the
stick-free stabllity at low flight speeds.

Ruédder Effectlveness and Hinge'Moments

The effects of rudder cdeflectlon at zero yaw on the
aerodynamic characteristics of the model and on the rudder
hinge mouents are presented in fizures 24 and 25 for the
four power conditlons listed in tarle TI. For-purposes
of comparlson, these cata ure sumwmerized in table V by
the slopes of the yawing-moment, lateral-force, and hinge-
moment coefficient curves measured at &p = 02, The
resulte of the rudcder tests mads at angles of yaw of 30,
t6°, +10°, and 15° were found to glve no appreclable
variations in effectiveness from the zero-yaw data,

Curves showlng these test results therefore have not been
presented; however, summary curves showing the vurlations
of d0n/d8p, dCy/ddr, uand dCh,/ddépr with sngle of yaw
are presented in figure 26 and the values of Cn, Cvy,
end Ch, measured at &p = 0° are given in table VI.

It 1s shown that the effectiveness of the rudder
(dCn/dd6r) 4s lower for this tailless airpolane than nor-
melly found for a conventlonal design, but the side-force
variation (dCy/d6pr) 1is shown t5 be normal. The
rucdder parameters are increased, as expected, by pro-
peller operatlion. For the condltion with wind-
milling propellers dCn/dér 1s -0.0002,, dCy/d8y
is 0.0025, and dChp/d8r is -0.0050, per degree
at a = };,2° and these values are not materially changed
throughout the angle-of-attack runge. In comparison, for
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the normal-rated power condition, dCn/ddr is ~0.00030,
dCy/dér 1s 0.0031, and dCh,/dér 1s -0.0054 per degree
et a = ;.29 and these values increase to -0.00043,
0.0042, and -0.0089, resvectively, at .an angle of attack
of 12.,°. The results of filgure 26 show in general
relatively small changes throughout the range of yaw
angles tested of these-values glven for zero yaw.

Alleron Effectiveness and Hinge Moments

The results of the alleron effectliveness and hinge-~
moment tests made for & range of anzle of attack from 2.4°
to 16.L° with the model at zero yaw are presented 1in
figure 27. The data obtained at angles of yaw of about 169,
+100, and 15° for angles of attack of 2.4°, 6.1°9, and 12.6°
are given in figure 28. The slopes nf the rollling-moment
and hinge-moment coefflicient curves, for &gy, = 09, are

presented 1n table VII. There 1s an increment of rolling-
moment coefficient shown 1n the curves of flgure 27 for
zero alleron deflection with the rodel at zero yaw.
Inasmuch as the model 1s consldered a symmetrical con-
figuration with the propellers removed, the increment in
rolling-moment coefflclent 1s belleved caused by unaym-
metrlical tunnel alr flow along the span of the wing, and
perhaps by some dlssymmetry in the mndel ltself.

The alleron effectliveness, dCz/d5aL, for a single
alleron, msasured &t Gap = 00, is about 0.0021 per

degree at a = 2.1'° anc¢ decreases to zbout 0.0015 at

a = 16.,°, The loss in aileron aeffectiveness with
Increasling angle of attack 1s probably assoclated with

the wilng tralling-edge stall man%ioned in an earller sec-
tlon of this revort. It 1s moted that for ailsron deflec-~
tions above 12° the effectliveness pararetsr i1s nearly '
one-nalf that for small alleron deflectlons in the low
angle-of-attack range. The vsalue of dCz/dﬁaL for

deflections greater than 12° is continuously decreased
as the argles >f attack are incressed, such that dCL/uﬁaL

1s reduced to 0 at a = 12.6° and than becomes a negative
value at greater angles of wttack. This raepld loss in
control effectivencss occurring &t the high alleron
deflectlions is attributed to ths combined effects of
control surface stall and trelllng-edge separatlon.
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The value of dChg/dbay &t ar.a of 2.4° is about

-0.0100 .per. degree and decreases to about -0.0059 at an
angle of attack of 16.4°. The éffect of yawing the model.

. to an angle of -15.4° 1is to reduce dC;/d6g by approxi-

mately .0.0003..

The yawling-moment coefficlent resulting {rom alleron
deflection 18 1n general small for this tallless alrplane
except for  the maximum deflectlon of the allerons at. high
angles of attack. .o : '

Aerodynamlc Characteristics in Yaw

Por the determination of the characteristics of the
model in yaw, the results of the rudder tests have been
cross-plotted against angle.of yaw for rudder-fixed and
rudder-free conditions. The variations of Cn, Cy, and
C; with angle of yuw, measured for &r = 0°, ure presented
in figure 29 for all propéller-operating conditions.
Similar data, measured at Chp = 0, - are given 1n figure 30.
The variation of 1lift coefflcient wlth angle of yaw 1s
shown for all conditlona tested in filzure 31. A summary
showing the slopes of the yawing-moment, rollling-mioment,
and.lateral-force coefflclent curves, measured at ¥ = 00,
1s presented in table VIII. The rudder-freeé character-
Istics are not summarlized in table VIIT, but &are essen- .
tlally the same as the rudder-fixad results.

The directional stability parameter dCp/dy- 1s
approximately -0.000L45 per degree for the concitions
tested which 18 about one-half the value generally desired
for- satisfactory directional stabllity charucterlstics
(reference 5). There is, in general, little effect of
propeller operation on the directional stabllity parameter

-except for the 'asymmetrlc power condition where there 1is

e greater ihcrease in ' dCp/d¥y with increased thrust
coefficlient. The dihedral effect 1s shown to be low in
comparison wilth conventional alrplane designs; the value
of - dC3/dV, per degree, ranzes from O to aoout 0.00032
for the angles of attaclk and power conditions tested.

Thé effective dlhedral angle, for most conditions, 1s
estimated to be about 1°. The lateral force parameter,:
dcy/dw, per degree, 18 poislitlive for all condltions tested
and has values ranging from about 0.00L45 for windmilling
propellers at ‘a = 6.1° to about 0.0067 for normal-rated
power at a = 10.6°.
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A comparison of the yawing-moment coefflclient curves
of the normal-rated and the asymmetric power conditions
in figure 29(b) and 29(d) shows that the reduction in
power of the right outboard engine causes a considerable
reduction 1n the negative yawlng moment. The conflguration
of asymmetric power having the left outboard propeller-
windmilling and the remaining engines running at full
power was not tested, but computations show that this type
of propeller operation would produce about an equal amourt
of yawing moment in the opposite direction and therefore
would be the most critical condltion to trim- directionally,
especlally at the low flight speeds.

'SUMMARY OF RESULTS

The followlng results are summerized from the
Langley full-scale tunnel tests of the 1/7-scale powered
model of the Kalser tallless airplane. .

l. The maximum 1lift coefficlent with pronellers wind-
milling and controls neutral 1s about 1.07. This value
of GLmax is decreased to 0.98 for the maximum up-elevator

deflection of 30°.

2. Wing stall occurs first at the tralling edge of:
the outer panels and progresses forward approximately
along a constant chord line. At an angle of attack
of 19.5° the outer panels are nearly completely stalled;
the flow at the center section of the wing, however, ls
relatively undlsturbed at this angle.

3. The profile-irag coefficlent of the model (pro-
pellers removed) as determined by the wake-survey momentum
method, 1s estimated to be apvroximately 0.0130.

ly. The elevator effectiveness, »ropellers windmilling,
18 essentially a constant wvalue of -0.0025, per degree,
at low and moderate angles of attack. At an angle of
attack of 16.L° the elevator effectiveness is reduced
to -0.0016. The effects of propeller operation at high
thrust coefficients materlially increases dCp/dbe to
about -0.0060 at a = 12.4°. Similar effects of propeller
operation are shown for the elevator-hinge-moment para-
meter, dChe/dbde, which ranges from about -0.0067 (pro-
pellers windmilling at a = 2.4°) to about -0.0200
(military-rated power at a = 16.5°). The rate of change
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of slevator hinge-moment coefficilent wlith angle of atteck
(with propellers windmilling) is eseentially a constent
negative value averaging about ~0.0028 pbver the range of
angle of attack. - A marked change in this relatlion is
causeé by high power operation, such that dche/da changes
from -0.00L40. at a.= 2, L4° to 0. 0060 at a = 6.0° and to
about 0 at a = 16.59, ‘

5. The pitching~-moment results show that (for a center
of gravity located at 20 percent of the mean aerodynamlc
chord) the model 1s statically stable longitudinally,
controls fixed and free 'except at very high angles of
attack with windmllling propellers.

6. The rudder effectiveness dCp/dér for this tail-
less alrplane 1s lower than normally found for a conven-
tional design. The value for d4dCn/déyr is sbout -0.0002L
per. degree throughout the angle-of-attack range with pro-
pellers windmilling. The effect of propeller operation
at high thrust coefficlents 18 to nearly double the rudder
effoctiveness narameter to a value of -0.00043 at an a
‘of 12.4°. The value for the rudder-hinge-moment parameter
dChp/d6r ranged from about -0.0050 to -0.0089 per degres
for the range of propeller operation tested.

7. The aileron effectivensss dC;/d8a measured for
g single aileron in the low-deflection range, 1s about
‘0.0021 per ‘degree at a =-2.4 and decreases to 0.0015
at a = 16.4°. A%t low angles of attack, alleron stall
materially reduces the control effectiveness at deflec-
tions sbove about 12°. At high angles of attack, and at
large alleron deflections the combined effects of aileron
stall and separation along the wing treliling edge produces
a reversal in the slope of the rolling-moment coefflclent
curves. The alleron hlinge moments also reflect the
undesirable flow characteristlics over the ailerons for
large alleron deflections at high angles of attack.

8. The aerodynamlic characteristics of the model in
yaw show that the average values of the directional sta-

C
billity parameter 15? 2 0,00045, for the large range of

angle of attack and power condltions tested, are compara-

- tively lower than those for conventlonal alrplane deslgns.
The dihedral effeot 1s small and corresponds approximately
to an angle of 1° for most condltions investigated. The -
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lateral-force. parameter dCv/dy has. a ppéitive value for

all conditions tested.

ﬁangley Memorlial Aeronautical Taboratory
National Advisory Commlittee for Aeronautics
Langley Field, Va.
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TABLE I
PHYSICAL AND DIMENSIONAL CHARACTERISTICS OF THE
EAISER TAILLESS AIRPLANE BASED ON THE
1/7-8CALE MODEL - Concluded

Vertical tall:

Total area, square feet « ¢« « ¢« ¢ ¢« ¢ o ¢ o ¢ o « 820
Rudder area aft of hinge line, square feet,

total ® o ¢ &6 ® 8 ° 8 5 ® @ 6 © & p O & b 0¥ 267
Rudder balance, percent . . s o o o 12,5
Vertical tall height above wing trailing edge,

feet [ ] [ ] ] [ ] L ] [ ] . e A L] [ ] L] [ ] [ ] [ ] [ ] [ ] L ] [ ] 19 .82
Root-mean-square rudder chord, £e6t « « o« o s« » 3,02
Hinge llne, percent of fin chord « ¢« ¢ ¢« o« ¢ ¢ o« ¢ T0
Maximum deflection, dAegrees o s o o ¢« s » o s o » t;o

Propeller:

Hemilton Standard 6L91A-0

Designation ¢ ¢« ¢ o
L 000000015.16

Diameter, feet .,
Number of blades .
Propeller gear ratilo

e e . 05

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE I
" 'PHYSICAL AND DIMENSIONAL CHARACTERISTICS OF THE
KAISER TAILLESS AIRPLANE BASED ON THE
1/7~-SCALE MODEL

Design gross weight, pounds . . . . . » « « » . 175,000

wWing:
Area, square feet . . . . « & 4« & ¢« ¢ ¢ s e e 0 7920
Span, feet. . . ¢« + e e & s & o e
Mean aerodynamic chord feet ¢ o o ¢ e e 4 e s 27 3

TLocation aft of root chord 1ead1ng
0dgo, feet. « « ¢ ¢« + 4 ¢« v 4 e s e s e s o« e LT
Aspect ratio. « . & ¢« & ¢ ¢ & ¢ s s+ s s e 2 o « » 10,
Taper ratlo . . . . .« v s s . 0.20
Root section 7 modified with trailing . Naca 63 h—OZO
Tip section | edge reflexed upward. . NACA 65 3-018

Dihedral, outer panel, degrees. . . . « « o « . 1.7

Wing twist, degress . . e ¢ e e e .« O

Sweepbacl: of 20-percent chord line, degrees . . . . O

Wing loading, pounds ver squuare foot. . . . . . . 22.1
Alleron:

Area aft of hinge line, sach, square fest . 277

Alleron belance, wercent. « « +» « o+
Span, feet. . . + + &+ ¢« ¢« ¢« + 2
Root-mean-square chord, feet. . .
Hinge line, nercent of wing chord
Maximun deflection, degrees , . .

Elevator:
Area aft of hinge line, square feet
Elevator balance, percent . . « . .
Span, feet. . « ¢« ¢« ¢« + ¢ « o .
Root-mean-square chord, feet. .
Hinge line, percent wing chord.
Maximum deflectlions, degrees. .

10, -30

HATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Table I
General Outline of Tests
lNo. Tests oL | Yy f7op e;«/:” 43;6;57‘ S | & On Remarks
deg dengv'm% k. deg deg | deg :
/| &ifland Drag Varied| o /0, 0 fost
s o (o)
Wikl of clovator |0 WP | 60 | 550 Force Jesfs
7 Frops,| 9460,
@Eﬁ(ecf of 7;?,;2/;/: " " /L’ﬁb/t"dl 71, 84 (] ] " "
ré
2)56@67‘ Ofyaw " /OJ 15 MR 60 " " " ” ‘
Vored Props. M&uaﬂan<!%be-
/ YA " " " m 9ra, hre re a'd 0"'
2| Stull rest. oszo|l O |remored A ’,é: e retor
oL Frops.| FPressure measdre-
3 " n " " Mfd’ Of e wing
Woke surveys é_"’.'; emoved| 8% e
4' m/WJf d7//Z/U7/"0/7 " ” ﬁ;);; 60 " " " /%rce f-e\Sf.S
. Varre W PR fonge force Fests ond
] E/eyﬂ/&/’ f€5t5 30__’/?0 " VZ:/Z/ " */:r:’:;o " ] /ﬁ,;‘yemomenr
7z’ megsaemenlss
0, £3 (mslonl ﬁ’angg'
é /?l/old 74 /E?SZS w o |#¢, 10 PP " 0 from " "
15 [ A/aﬁf k50 —-3d
0,%¢ Rrange Yorce Tesl forall s
’ ’ W R ’ 70m | fnge momenls Yor
7 /4//6/'0/) 7‘65/3 ’ 2/0,/3] ! ’ o 10 = =30 ,{Zo, on/ﬁ

¥ Constan’ power 1esls included:-0) windmillmg propellers (wiR2), (2) normo( rafed -,
militory roted-, ond 4 asymmelric power cond,7ions.
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Table T
Summary of G, ond 9% et

Pro/oe//er' & ac. /.
( ad (d
opera 1/0n a’ee 4}5 amax (,=0.2 Q(-egé
FPropellers
wihdmilling | 10 O /.12 |0.084|0.064
n (0, “ /.08 .084| .079
" "/5 ” /:0/ '06_5- 075
" -30 " 0.98| .087| .073
" 0 6.3 [O&| .086] .080
" " /j 4 - . 088 .0 72
’ | -64 | 108 | .087| 077
»” " "/0,6 / 06 064 060
Normal rofed
power " ), - 0971 .098
Ml ¥ary rofed
power " " - 087 .098

NATIONAL ADVISORY
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Summary of [dd—”’

TABLE IV
Cn  dG d{
Se d?/f P 0/‘)& da{le_]

&0

dc%é:g (per deg)

dq -
b%’de (per deg)

20 L
a. /)e/doé (per deg,)
@)l pw| nep | MmrRE | P | NRR | Mre | Pw | NvRE | MRP
2.4 |-0.0024 [-0.0033 |~0.0054-|\-0.0067 F0.0/03 FO. 0105 ||-0.0032 |-0.0040|-0.0035
33| -.0025| -.0034| -.0035|| -.0064| -.0/07 | -.0/13 || -.0032] -.0030] =.0035
42| -.0025| -~.0036| -.0038|| -.0062 | -.0124 | -.0/30} -.0030| .0025| .00/0
6.0 ~.0027| =.0044| -.0045| -.0059| -.0/40 | -.0147| —~0030| .0060| .0070
88| -.0024| -.0047| -.0049\|| -.c064| -.0165} -.0175\\ -.0030} .00/0} .0025
/12.7] 0016 ~.0054| -.0060| -0078| -.0/86| -.0200| -.0025] ©O 0025
16.5| —.00/16 | -.0052} -.0052| -~o0070| -.0130) ~02Z00) - 0025 o) o]

“R.=Propellers windmilling, NRP= Normal rated power, MRP=Military roted power:

NATIONAL

COMMITTEE FOR AERONAUTICS
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TABLE I7

i d& a’C/,,.] -
Summary of [d‘Zf: 5 dh s yeo
Test o 9/ a6, 9% /s |[dCh, /d6
Condition | deg | per deg. per deg ,oeﬂr a’egﬁ
Propeller | 4.2 |-0.00024 | 0.0025 |-0.0050
windmilling | 3.6 | -.oo02z2| .coz4 | -.0055
7.9 | —.oo020| .0023 | -.0055
/0.7 | -o0002/ L0023 | -.0060
/6.4 -.0002/ L0020 | -.0060
Norma/ 2.4 |-0.00027| 0 0027 |-0.0045
farled Power | 4.2 | -.00030| .003/ | - 0054
S./ | —.00032] 0035 | -.0060
7.8 | ~oo038| .0059| -.0072
12.4 | - ooo43 00#L | -.0089
MiliTary 8.7 |=0.00039| 0.0039 |-0.0079
Lated Fower| /124 | -ovo44| 0044 | -. 0092
Asymmelric | 4.2 |-0.00028| 0.0027 |~0.0052
fower 6O | ~.o0030| .0029| - 0057
! 125 | -.00033] 0034 - 0070
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS




TABLE YT

Summary of [C,, Cy, ond Ch, ]5 0
(a

Po;;er ol Y=-106° Y=-6.4° =33
Condiln
ndihdl @deg) C% C} C%r C% C} C%% C% C&, C;h
P W™ 6.1 10.0040]-0.048d0.0020|0.0022 Fo.028010.002d-0.0017 | 0.0/%0 ~0.0020
l 88 | .0043| -.0485] .0030] 0025|-.0300| O -.00/3| .0/20| ~.0050
145 .0048| -.0475] .0050| .0027|-0330 ©O -.00/3| .0/00| —0070
NRP | 241 .0032|-0485 o 0015 -.0280 — -.0020| .0/90| -.0080
S.] | .0030]| -0540 .0040] .00/2|-0300 — -0026| .0197|-.0075
0.6 .0028-.0700 .0150}-.0002| - 0475 — | -0045 .0//0|-0/30
MRP| 6.9 1 .0032| -.0650, .0050] .00/0|-.0390, — -.0035| .0200 -0075
12.4) .0025] -.0750| .0/30}-.0003| -.0540| — -.0055| .0/20| ~0/10
AP | 42| 0043 -.0405 -.0070] .0023|-0290-.0070| -.00/2| .0/90|=0090
L 6.0 | .0050|-.0525 -.0050 .0032| -0380|-.0030] - 0014| .0190| -0120
1251 .0058|-0700| .0030| .0co42| -0530| .0020| -0010| .0070| -.0150

*Pw =Fropellers windmilling; N.RR = Normal rofed power ; MRE=Military rafed
power; A.R=Asymmefric power.

NATIONAL ADVISORY
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TABLE ¥I -cConCcLUDED

Power | oL y=6.3" y=106" Y=15.4°
CO/U/ Tionk (deg) C'n CY C :‘D,. Cn CY C h" Cn C)' C 6,.
FW |6 }|70.0030[0.03/0|-0.0/50 |-0.0043|0.0485|-0.0/70}~0.0070| 0.0 760|-0.0300
l 88 | -.0030| .0260|-.0/120) -.0045] .0480| -.0/70} -.0063| .07/0| =.02390
[4.5 | -.0025| .0250| -.0/30] -0050| .0420| =.0/70] -.0073| .06/0|~0260
NRR| 2.4 | =.0035 .0355| -.0/70| -.0048| .0575| -.02/0] -.0072] .0840|~.0270
1 3.1 { ~.0040| .0370| -.0/80] -.0052| .0560| -.02004 -.0085| .0960| =,0380
/0.6 | -.00863| .0370 -.0250L -0074| .0580| -.0260] -.0095] ./080|-.0530
MRP | 6.9 | -.0045| .0365| -,0070) -.0065 .06/0 ’.0200I -.0085| .0900 -0500|
l 12.4|-.0065| .02)0|-.0/80]| -.0085| .0580| -.0300|-.0107| .0890| -.0650
AP | 42 | -.0023| .0335| -.0/30} -.0040| .0570| -.0220] — — | -037%0
6.0 | ~.0025| .0340 -.O/ZOL -.0040 .0570| -.0200| -.0066] .0880 -.0370
125} -.0025| .0215|~.0100y -0045 .0525| -.0190) ~.0074| .0835 -.0580

NATIONAL ADVISORY
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TABLE KII

C dG
Summary of a5, and ——a
4 [dé-ac 0/ dd&tjéagto
[Fesults given For one aileron]
. S
Test, P e per des) % |
condition | %e] 0 [6.3]/06]/54 |-¢4 |-106] o
Fropellers 2.4 |0ooz/|00022|0.00200.0018|0.0022|0.0020-0.0100
removed of Y0\ 4.2 |.oozz| — ~ - | - — | 0099
ond 6./ |.0020 .002/| 0020 ocoi6| 002/ 0020 - 0036
/ga/oe//e/.f wind- | 89| . oor7| - — — — — | -.o08/
milling a7 Y=tg| 12.6 | .oor8| .o018| .00t6| .0ou8| .0008| .00/7| -.0065
£/0°ond 15° 164 | 0051 — — - =1 — | -.00%

COMMITTEE FOR AERONAUTICS
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‘ON YW

21091



MR No. L6C13

TABLE YIII
dCz d
Summary of [d?’ ay? ond ?’;]

7est oL | Hnsdy|dC/d |7/ ady
Condition (deg) | (oer deg) (oer deg) | (per deg)

Fropellers 6.1 |"0.00040|0.00022 | ©.0045

winadmilling | 86 |-.00040| ooozz| .oco#s
/45 | —.00042| ©o030 o046

Norma/ ra’ed| 24 |-o0.c0040 0 00027 00049
/Oower 5./ - 00042 .000!7| 0054
/06 | —ooods .oocs2 0067

M///'fafy /“afed 6.9 |m000043,000027 | C.O00&0
power /2.4 | —00048| 00032 L0064

Asymmelric | 42 |~0.00035|0.000/5 | 0.005%
/0014/6/' 6.0 | —ooo45| .oo0O8B| 0057
/2.5 | - 00052 O L0062

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Hg )y He.
X <ol = N

RPelative wind

Figure 1.- System of axes and control-surface hinge moments and
deflections. Positive direction of forces, moments, and angles
are indicated by arrows.




Figure 2.-

NACA
LMAL42845

(a) Three-quarter front view.

The 4;-scale model of the Kaiser tailless airplane mounted for tests
in the Langley full-scale tunnel.

*ON W

21091



(b)

NACA
LMAL4 2642

Three-quarter rear view.

Figure 2.~ Continued.
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{c) Side view.

Figure 2.- Concluded.
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[€5-17
Elevator hinge at Alleron bin
0.90 roof ¢ A of 085 c géne
i; A
T= 273423 T
I 68.57
]
‘ G X /X7/
¥ | 0.2 chord line . P YV
¥ —
T
-fnm~
197 14— 5143
< +97./4—
U
S \ ——
I ERE-D KD
L5
Mng area, 161.6
/ valor .:?_ 393
e rea S66

le /gla ared, sq ff'fa/ra , /g‘z
udder area,
/udm/a/y/e,aJZfd‘lmn/ L7°

froor :

MGA 63,4 Modlf/oa’
Ry e

Note: All dimen sions in iches.
Figure 3 - Three-view drawing of the 4-scale model/ of the Kaiser Kailless a/‘//-o/azze. NATIONAL ADViSORY

COMMITTEE FOR AERONAUTICS
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Wing symmelrical fo this shlion

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 4.- A fypical cross-sectional view of the wing of the 4-scale model of
the haiser Tailless a/'r/o/one. NACA 6-Series airfoil with modified mean line.
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Rudder

£ levafor

— st G Gro.5¢

Aileron

NATIONAL ADVISORY
COMMITTEE FOR AEROMAUTICS

Figure 5.~ Typicol cross-sectional views of the control surfoces
installed on the %-scale model of the Farser failless
airplane.
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| i
" NACA

{

LMAL 42964

Figure 6.- Rear view of the model showing the fairings
used to cover the elevator and rudder controls.
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Figure 7.- Detail view of the wing showing the fairings
used to cover the aileron controls.
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Propellers windmilling
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Figure 28.- Continued.
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Figure 29.- Concluded.
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Figure 30.- Continued.
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